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DNA/PLACES  BARIUM  EVENT  JAN:  QUICK-LOOK  FIELD  REPORT  OF 
“IN  SITU"  PROBE  MEASUREMENTS 


I.  INTRODUCTION 

At  2311:00  (GMT)  on  12  December  1980,  a  48  kg  barium 
payload  was  launched  from  the  A-15  site  of  Eglin/Santa  Rosa 
Island  Test  Range.  The  barium  was  released  in  the  F^- 
region  of  the  ionosphere  at  2313:42.1  and  at  an  altitude  of 
182.7  km. 

At  2342:50.8  a  second  rocket  was  launched,  carrying  a 
plasma  diagnostic  complement  which  included  a  pair  of  pulsed- 
plasma-probes  and  an  ion  mass  spectrometer  for  direct  measure¬ 
ments  of  electron  density  Ng,  temperature  Tg,  density 
fluctuation  6 N ^ ,  associated  density  fluctuation  power  spectra 
Pn(k),  and  ion  composition  .  The  probe  payload  penetrated 
the  highest  density  region  (i.e.,  the  highest  density  observed 
along  the  payload's  trajectory)  of  the  barium  ion  cloud  at 
2344:40.8,  a  time  defined  as  R+31  MIN.  The  barium  release 
and  all  associated  measurements  have  been  designated  by  code 
name  JAN. 

This  report  presents  quick-look  field  analyses  of 
the  pulsed-plasma-probe  data.  A  brief  description  will  be 
given  on  the  probe  instrumentation,  vehicle /payload  performance 
and  "in  situ"  observations  of  plasma  densities  and  structure 
in  the  ambient  ionosphere  and  throughout  the  intense  barium 
ion  cloud  structure. 

II.  PROBE  INSTRUMENTATION,  PATLOAD  CONFIGURATION 
AND  OVERALL  SYSTEM  PERFORMANCE 

A  pair  of  pulsed-plasma-probes  were  diametrically 

deployed  from  the  forward-most  lateral  surface  of  the  payload. 
Manuscript  submitted  January  23, 1981.  I 


The  payload's  ACS  was  designed  to  maintain  the  vehicle  axis 
parallel  to  the  geomagnetic  field  throughout  flight... a 
condition  which  optimized  data  integrity  from  points  of  view 
focused  on  magnetic-field  and  vehicle  aspect  perturbations. 
Initial  results  indicate  that  the  ACS  functioned  according 
to  design.  Table  1  lists  timer  functions  and  altitudes 
related  to  the  plasma  instrumentation  on  the  probe  payload 
while  Figure  1  presents  the  payload  trajectory  (alt  vs  time) 
as  determined  by  a  single  station  radar  solution.  The 
Figure  was  constructed  from  the  trajectory  data  listed  in 
Table  2. 

1-4 

The  pulsed-plasma-probe  is  a  specially  designed 
Langmuir  technique  which  eliminates  distortions  of  the 
measurement  procedure  known  to  degrade  the  conventional 
approach  to  Langmuir  probe  measurements.  In  addition,  the 
pulsed  probe  technique  makes  possible  the  determination  of 
absolute  electron  density  under  fluctuating  plasma  conditions 
and  simultaneously  determines  the  electron  density  Ng, 
temperature  T£,  density  fluctuations  6  N  ^ »  associated  power 
spectra  Pn(k)  and  mean  ion  mass  The  probe's  highest 

resolution  capability  in  event  JAN  involved  6Ng,  with  resolution 
down  to  scale  sizes  equal  to  0.5  meters  at  a  lkm/sec  payload 
velocity . 

III.  ELECTRON  DENSITY  PROFILES 
The  relative  electron  density  profile  observed  "in 
situ"  by  the  pulsed  probe  measurement  of  baseline  electron 
current  I  (See  e.g..  Ref.  1  or  2)  is  presented  in  Figure  2. 
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The  abscissa  is  expressed  as  seconds-af ter-launch ,  extending 

over  the  domain  t  +75  -  t  [sec]  -  t  +  373;  while  the  ordinate 

o  o 

is  log  (if) •  The  barium  ion  cloud  was  encountered  on  the 

D 

'U  % 

upleg  portion  of  the  trajectory  at  t  ^  99.5  sec  (ALT  'v  145 

'V. 

Km).  Peak  densities  within  the  cloud  were  observed  at  t 
110  sec  (ALT  %  155  Km).  For  t  >  135  sec  the  probe  continued 
relative  density  measurements  within  the  undisturbed  background 
ionosphere  to  an  apogee  of  241  Km  (t  =  245  sec).  (That  if 

D 

is  a  reasonable  representation  of  relative  electron  density 

without  major  distortions  from  aspect  sensitivities  and/or 

vehicle  potential  effects  has  been  verified  by  a  simultaneous 

measurement  of  baseline  ion  saturation  currents  I*  shown  in 

B 

Figure  3.  For  discussions  relative  to  this  point  see  References 
4  and  5 . ) 

To  establish  Initial  estimates  of  absolute  electron 
densities,  I-V  characteristics  generated  by  the  pulsed 
sweep  currents  (See  e.g..  Ref.  3)  were  hand  analyzed  at 
three  positions  within  the  cloud.  The  results  indicated  a 
simple  I  to  N  conversion  according  to 

D  6 

N  (cm  "*)  *  5.62  (10^)  I®  (amps) 

6  D 

with  an  estimated  accuracy  of  +  32%.  More  exact  analyses 
will  result  in  absolute  density  determinations  with  a  better 
than  10%  accuracy.  This  conversion  has  been  applied  to 
Figure  2,  resulting  in  initial  estimates  of  peak  barium  ion 
densities  (t  £  110  sec,  ALT  -  155  Km)  of  7 . 3 ( 106 ) cm-3 . 

This  value  represents  an  enhancement  of  300  over  ambient 
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ionospheric  conditions  at  that  altitude.  An  expanded  view 
of  the  ion  cloud  domain  (95  <  t  (sec)  <  135)  is  shown  in 
Figure  4  while  Table  3  lists  densities,  altitudes  and  coordinates 
of  specific  observations  relevant  to  a  first-order  view  of 
the  ion  cloud  and  the  background  ionosphere. 


Instrumentation  on  the  Probe  Payload 

TIME  EVENT  ALTITUDE  (Nom.) 

t  =  2342:50.8  Launch  0 

o  u 

t  +  66  a)  Nose  Cone  Separation  90  Km 

o 

b)  Probe  Door  Deploy 

t  +  76  a)  Payload  Separation  105  Km 

o 

b)  ACS  ON 


c)  Mass  Spec  RF  ON 


t 

+ 

78 

Yo-Yo  Despin 

110 

Km 

o 

t 

o 

+ 

80 

Probe  Deploy 

112 

Km 

t 

+ 

93 

Mass  Spec  HV  ON 

120 

Km 

o 

t 

+ 

108 

ACS  de-activate 

152 

Km 

o 

t 

o 

+ 

166 

ACS  Re-activate 

213 

Km 

.TITUDE  (km) 


TIME  AFTER  LIFT-OFF  (sec) 

Fig.  1  -  Probe  payload  trajectory  from  single  radar  station 

solution  (See  Table  2) 
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CUAAENKLOG) 


BASELINE  DURRENTaOG) 


DNR  PLRCES-NRL  E  PROBELift  up  time 

347  17  42  50 


Fig.  3  -  Relative  electron  density  profile  as  measured  by  baseline 
Ion  current  Is  as  a  function  of  seconds  after  launch.  Note  that 
ion  current  increases  downward.  Agreement  between  Figures  2  and  3 
establishes  credibility  in  the  I®  measurements  as  a  reasonable  repre¬ 
sentation  of  relative  density  (See  text). 
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BASELINE  CURRENT(LOG) 


DNR  PLRCES-NRL  E  PRDBElift  up  time 

347  17  42  50 


Fig  4  -  An  expanded  view  of  the  barium  ion  cloud  density  profile  as 
measured  by  baseline  electron  currents.  Absolute  electron  densities 
can  be  estimated  within  an  accuracy  of  +  32%  (detailed  analyses  will 
yield  +  107.  or  better)  by  the  conversion  Ne  [cm”’]  ■  5.62  (10*®)  l| 
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01CY  ATTN  SUL 

01CY  ATTN  CA  AUTHER  H.  GUENTHER 
01CY  ATTN  NYTC  CAPT.  J.  BARRY 
01CY  ATTN  NYTC  JOHN  M.  KAMM 
01 CY  ATTN  NYTC  CAPT  MARK  A.  FRY 
01CY  ATTN  NTES  MAJ  GARY  GANONG 
01 CY  ATTN  NYTC  J.  JANNI 

AFTAX 

PATRICK  AFB,  FL  32925 
01CY  ATTN  TF/MAJ  WILEY 
J1CY  ATTN  TN 

AIR  FORCE  WRIGHT  AERONAUTICAL  LABS 
WRIGHT-PATTERSON  AFB,  OH  45433 
01CY  ATTN  AAAD,  WADE  HUNT 
01CY  ATTN  AAAD,  ALLEN  JOHNSON 

DEPUTY  CHIEF  OF  STAFF 
RESEARCH,  DEVELOPMENT,  &  ACQ 
DEPARTMENT  OF  THE  AIR  FORCE 
WASHINGTON,  D.C.  20330 
01CY  ATTN  AFRDQ 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/XR 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFG,  MA  01731 
01  CY  ATTN  XR  J.  DEAS 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/YSEA 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 
01CY  ATTN  YSEA 

COMMANDER 

NAVAL  OCEAN  SYSTEMS  CENTER 
SAN  DIEGO.  CA  92152 
03CY  ATTN  CODE  532  W.  MOLER 
01CY  ATTN  CODE  0230  C.  BAGGETT 
01CY  ATTN  CODE  81  R.  EASTMAN 
OICY  ATTN  CODE  2200  H.  RICHTER 
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DIRECTOR 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 
01CY  CODE  4100 
OICY  CODE  4101 
01CY  CODE  4120 
OICY  CODE  4701  JACK  D.  BROWN 
20CY  CODE  2628 
OICY  CODE  4732  E.  MCLEAN 
OICY  CODE  6000 
OICY  COOE  7000 
OICY  CODE  7500 
OICY  CODE  7580 
OICY  CODE  7551 
OICY  CODE  7555 
OICY  CODE  7900 

COMMANDER 

NAVAL  SEA  SYSTEMS  COMMAND 
WASHINGTON,  D.C.  20362 
OICY  ATTN  CAPT.  R.  PITKIN 

COMMANDER 

NAVAL  SPACE  SURVEILLANCE  SYSTEM 
DAHLGREN,  VA  22448 
OICY  ATTN  CAPT.  J.H.  BURTON 

OFFICER- IN- CHARGE 
NAL  SURFACE  WEAPONS  CENTER 
WHITE  OAK,  SILVER  SPRING,  MD  20910 
OICY  ATTN  CODE  F31 

DIRECTOR  STRATEGIC  SYSTEMS  PROJECT  OFFICE 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C.  20376 
OICY  ATTN  NSP-2141 
OICY  ATTN  NSSP-2722  FREO  WIMBERLY 

NAVAL  SPACE  SYSTEM  ACTIVITY 
P.O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
OICY  ATTN  LCDR  DONALD  SNODDY 
OICY  ATTN  COMMANDING  OFFICER 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  OIVISION/DC 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 
OICY  ATTN  DCKC  MAJ  J.C.  CLARK 


COMMANDER 

FOREIGN  TECHNOLOGY  DIVISION,  AFSC 
WRIGHT-PATTERSON  AFB,  OH  45433 
OICY  ATTN  NICD  LIBRARY 
OICY  ATTN  ETDP  B.  BALLARD 

COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
GRIFFISS  AFB,  NY  13441 
OICY  ATTN  DOC  LIBRARY/TSLD 
OICY  ATTN  OCSE  V.  COYNE 

SAMSO/SZ 

POST  OFFICE  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
(SPACE  DEFENSE  SYSTEMS) 

OICY  ATTN  SZJ 

STRATEGIC  AIR  COMMAND/XPFS 
OFFUTT  AFB,  NB  68113 
OICY  ATTN  XPFS  MAJ.  B.  STEPHAN 
OICY  ATTN  ADWATE  MAJ.  BRUCE  BAUER 
OICY  ATTN  NRT 

OICY  ATTN  DOK  CHIEF  SCIENTIST 

SAMSO/YA. 

P.O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
OICY  ATTN  YAT  CAPT  L.  BLACKWELDER 

SAMSO/SK 
P.O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
OICY  ATTN  SKA  (SPACE  COMO  SYSTEMS) 
M.  CLAVIN 

SAMSO/MN 

NORTON  AFB,  CA  92409 
(MINUTEMAN) 

OICY  ATTN  MNNL  LTC  KENNGDY 
COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
HANSCOM  AFB,  MA  01731 
OICY  ATTN  EEP  A.  LORENTZEN 
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DEPARTMENT  OF  ENERGY 

DEPARTMENT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.O.  BOX  5400 
ALBUQUERQUE,  W  87115 
01CY  ATTN  DOC  CON  FOR  D.  SHERWOOD 

DEPARTMENT  OF  ENERGY 
LIBRARY  ROOM  G-042 
WASHINGTON,  D.C.  20545 
01CY  ATTN  DOC  CON  FOR  A.  LABOWITZ 

EG AG,  INC. 

LOS  ALAMOS  DIVISION 
P.O.  BOX  809 
LOS  ALAMOS,  NM  85544 
01CY  ATTN  OOC  CON  FOR  J.  BREEDLOVE 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  LABORATORY 
P.O.  BOX  808 
LIVERMORE,  CA  94550 
01CY  ATTN  DOC  CON  FOR  TECH  INFO  DEPT 

01CY  ATTN  DOC  CON  FOR  L-389  R.  OTT 

01CY  ATTN  DOC  CON  FOR  L-31  R.  HAGER 

01CY  ATTN  DOC  CON  FOR  L-46  F.  SEWARD 

LOS  ALAMOS  SCIENTIFIC  LABORATORY 
P.O.  BOX  1663 
LOS  ALAMOS,  NM  87545 
01CY  ATTN  DOC  CON  FOR  J.  WOLCOTT 
01 CY  ATTN  OOC  CON  FOR  R.F.  TASCHEK 
01CY  ATTN  DOC  CON  FOR  E.  JONES 

01CY  ATTN  DOC  CON  FOR  J.  MALIK 

01CY  ATTN  DOC  CON  FOR  R.  JEFFRIES 

OICY  ATTN  DOC  CON  FOR  J.  ZINN 

01CY  ATTN  DOC  CON  FOR  P.  KEATON 

OICY  ATTN  DOC  CON  FOR  D.  WESTERVELT 

OICY  ATTN  DOC  CON  FOR  M.  PONGRATZ 

SAND  I A  LABORATORIES 
P.O.  BOX  5800 
ALBUQUERQUE,  NM  87115 
OICY  ATTN  DOC  CON  FOR  J.  MARTIN 

OICY  ATTN  DOC  CON  FOR  W.  BROWN 

OICY  ATTN  DOC  CON  FOR  A.  THORNBROUGH 

OICY  ATTN  OOC  CON  FOR  T.  WRIGHT 

OICY  ATTN  DOC  CON  FOR  D.  DAHLGREN 

OICY  ATTN  OOC  CON  FOR  3141 
OICY  ATTN  DOC  CON  FOR  SPACE  PROJECT  DIV 


SAND I A  LABORATORIES 
LIVERMORE  LABORATORY 
P.O.  BOX  969 
LIVERMORE,  CA  94550 
OICY  ATTN  DOC  CON  FOR  B.  MURPHY 
OICY  ATTN  DOC  CON  FOR  T.  COOK 

OFFICE  OF  MILITARY  APPLICATION 
DEPARTMENT  OF  ENERGY 
WASHINGTON,  D.C.  20545 
OICY  ATTN  DOC  CON  FOR  D.  GALE 

OTHER  GOVERNMENT 

CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI,  RM  5G48,  HQ  BLDG 
WASHINGTON,  D.C.  20505 
OICY  ATTN  OSI/PSID  RM  5F  19 

DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  D.C.  20234 

(ALL  CORRES:  ATTN  SEC  OFFICER  FOR) 
OICY  ATTN  R.  MOORE 

DEPARTMENT  OF  TRANSPORTATION 
OFFICE  OF  THE  SECRETARY 
TAD-44.1,  ROOM  10402-B 
400  7TH  STREET.  S.W. 

WASHINGTON,  D.C.  20590 
OICY  ATTN  R.  LEWIS 
OICY  ATTN  R.  DOHERTY 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  &  INFO  ADMIN 
BOULDER,  CO  80303 
OICY  ATTN  A.  JEAN  (UNCLASS  ONLY) 

OICY  ATTN  W.  UTLAUT 
OICY  ATTN  D.  CROMBIE 
OICY  ATTN  L.  BERRY 

NATIONAL  OCEANIC  &  ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80302 
OICY  ATTN  R.  GRUBB 
OICY  ATTN  AERONOMY  LAB  G.  REID 
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DEPARTMENT  OF  DEFENSE  CONTRACTORS 
AEROSPACE  CORPORATION 


P.O.  BOX  92957 


LOS  ANG 

ELES, 

CA 

90009 

01CY 

ATTN 

I. 

GARFUNKEL 

01CY 

ATTN 

T. 

SALMI 

01CY 

ATTN 

V. 

JOSEPHSON 

01CY 

ATTN 

S. 

BOWER 

01CY 

ATTN 

N. 

STOCKWELL 

01  CY 

ATTN 

D. 

OLSEN 

01CY 

ATTN 

J. 

CARTER 

01CY 

ATTN 

F. 

MORSE 

01  CY 

ATTN 

SMFA  FOR  PWW 

01CY 

ATTN 

J. 

FENNEL 

01CY 

ATTN 

C. 

RICE 

01CY 

ATTN 

H. 

KOONS 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORD  ROAD 
BURLINGTON,  MA  01803 
01CY  ATTN  RADIO  SCIENCES 

BERKELEY  RESEARCH  ASSOCIATES,  INC. 
P.O.  BOX  983 
BERKELEY,  CA  94701 
01 CY  ATTN  J.  WORKMAN 

BOEING  COMPANY,  THE 
P.O.  BOX  3707 
SEATTLE,  WA  98124 
01CY  ATTN  G.  KEISTER 
01CY  ATTN  D.  MURRAY 
01CY  ATTN  G.  HALL 
01CY  ATTN  J.  KENNEY 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
IPAPS,  B-019 
LA  JOLLA,  CA  92093 
01CY  ATTN  HENRY  G.  BOOKER 
01CY  ATTN  E.C.  WHIPPLE 

BROWN  ENGINEERING  COMPANY,  INC. 
CUMMINGS  RESEARCH  PARK 
HUNTSVILLE,  AL  35807 
01CY  ATTN  ROMEO  A.  DEL I BER IS 

CHARLES  STARK  DRAPER  LABORATORY,  INC. 
555  TECHNOLOGY  SQUARE 
CAMBRIDGE,  MA  02139 
01CY  ATTN  D.B.  COX 
01CY  ATTN  J.P.  GILMORE 


COMPUTER  SCIENCES  CORPORATION 
6565  ARLINGTON  BLVD 
FALLS  CHURCH,  V A  22046 
01CY  ATTN  H.  BLANK 
01 C Y  ATTN  JOHN  SPOOR 
01CY  ATTN  C.  NAIL 

COMSAT  LABORATORIES 
LINTHICUM  ROAD 
CLARKSBURG,  MD  20734 
01CY  ATTN  G.  HYDE 

ELECTROSPACE  SYSTEMS,  INC. 

BOX  1359 

RICHARDSON,  TX  75080 
01CY  ATTN  H.  LOGSTON 
01CY  ATTN  SECURITY  (PAUL  PHILLIPS) 

ESL  INCL. 

495  JAVA  DRIVE 
SUNNYVALE,  CA  94086 
01CY  ATTN  J.  ROBERTS 
01CY  ATTN  JAMES  MARSHALL 
01CY  ATTN  C.W.  PRETTIE 

FORD  AEROSPACE  AND  COMMUNICATIONS  CORP 
3939  FABIAN  WAY 
PALO  ALOT,  CA  94303 
01CY  ATTN  J.T.  MATTINGLEY 

GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 
01 CY  ATTN  M.H.  BORTNER  SPACE  SCI  LAB 

GENERAL  ELECTRIC  COMPANY 
P.O.  BOX  1122 
SYRACUSE,  NY  13201 
01CY  ATTN  F.  REIBERT 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 

SANTA  BARBARA,  CA  93102 
01CY  ATTN  DAS I AC 
01CY  ATTN  DON  CHANDLER 
01CY  ATTN  TOM  BARRETT 
01CY  ATTN  TIM  STEPHANS 
01CY  ATTN  WARREN  S.  KNAPP 
01CY  ATTN  WILLIAM  MCNAMARA 
01CY  ATTN  B.  GAMBILL 
01CY  ATTN  MACK  STANTON 
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GENERAL  ELECTRIC  lECH  SERVICES  CO.,  INC. 

HMES 

COURT 

SYRACUSE,  NY  13201 
01CY  ATTN  G.  MILLMAN 

GENERAL  RESEARCH  CORPORATION 
SANTA  BARBARA  DIVISION 
P.O.  BOX  6770 
SANTA  BARBARA,  CA  93111 
01CY  ATTN  JOE  ISE  JR 
01CY  ATTN  JOEL  GARBARINO 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 

(ALL  CLASS  ATTN:  SECURITY  OFFICERS) 
01CY  ATTN  T.N.  DAVIS  (UNCL  ONLY) 

01 CY  ATTN  NEAL  BROWN  (UNCL  ONLY) 

01CY  ATTN  TECHNICAL  LIBRARY 
01CY  ATTN  T.  HALLINAM 

ILLINOIS,  UNIVERSITY  OF 
ATTN:  DAN  McCLELLAN  FOR  K.C.  YEH 
150  DAVENPORT  HOUSE 
CHAMPAIGN,  IL  61820 

INSTITUTE  FOR  DEFENSE  ANALYSES 
400  ARMY-NAVY  DRIVE 
ARLINGTON,  VA  22202 
01CY  ATTN  J.M.  AEIN 
01CY  ATTN  HANS  WOLFHARD 
01CY  ATTN  JOEL  BENGSTON 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 
01CY  ATTN  DONALD  HANSEN 

INTL  TEL  A  TELEGRAPH  CORPORATION 
500  WASHINGTON  AVENUE 
NUTLEY,  NJ  07110 
01CY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

1401  CAMINO  DEL  MAR 
DEL  MAR,  CA  92014 
01CY  ATTN  S.R.  GOLDMAN 


JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LAUREL,  MD  20810 
01CY  ATTN  DOCUMENT  LIBRARIAN 
01 CY  ATTN  THOMAS  POTEMRA 
01CY  ATTN  JOHN  DASSOULAS 

LOCKHEED  MISSILES  &  SPACE  CO  INC 
P.O.  BOX  504 
SUNNYVALE,  CA  94088 
01CY  ATTN  DEPT  60-12 
01CY  ATTN  D.R.  CHURCHILL 

LOCKHEED  MISSILES  AND  SPACE  CO  INC 
3251  HANOVER  STREET 
PALO  ALTO,  CA  94304 
01CY  ATTN  MARTIN  WALT  DEPT  52-10 
01CY-  ATTN  RICHARD  G.  JOHNSON  DEPT  52-12 
01CY  ATTN  W.L.  IMHOF  DEPT  52-12 
01CY  ATTN  D.  CAUFMAN 

KAMAN  SCIENCES  CORP 
P.O.  BOX  7463 

COLORADO  SPRINGS,  CO  80933 
01CY  ATTN  T.  MEAGHER 

LINKABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 
01CY  ATTN  IRWIN  JACOBS 
01CY  ATTN  I.  ROTHMUELLER 

LOWELL  RSCH  FOUNDATION,  UNIVERSITY  OF 
450  AIKEN  STREET 
LOWELL,  MA  01854 
01CY  ATTN  K.  BIBL 
01CY  ATTN  B.  REINISCH 

M.I.T.  LINCOLN  LABORATORY 
P.O.  BOX  73 
LEXINGTON,  MA  02173 
01CY  ATTN  DAVID  M.  TOWLE 
01CY  ATTN  P.  WALDRON 
01 CY  ATTN  L.  LOUGHLIN 
01CY  ATTN  D.  CLARK 
0 ! CY  ATTN  J.  DAVIS 

MARTIN  MARIETTA  CORP 
ORLANDO  DIVISION 
P.O.  BOX  5837 
ORLANDO,  FL  32805 
01CY  ATTN  R.  HEFFNER 


MCDONNELL  DOUGLAS  CORPORATION 
5301  BOLSA  AVENUE 
HUNTINGTON  BEACH,  CA  92647 
01CY  ATTN  N.  HARRIS 
01CY  ATTN  J.  MOULE 
01CY  ATTN  GEORGE  MROZ 
01CY  ATTN  W.  OLSON 
01CY  ATTN  R.W.  HALPRIN 
01CY  ATTN  TECHNICAL  LIBRARY  SERVICES 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
01CY  ATTN  P.  FISCHER 
01CY  ATTN  W.F.  CREVIER 
01CY  ATTN  STEVEN  L.  GUTSCHE 
01CY  ATTN  D.  SAPPENFIELD 
01CY  ATTN  R.  BOGUSCH 
01CY  ATTN  RALPH  KILB 
01CY  ATTN  R.  HENDRICK 
01 CY  ATTN  DAVE  SOWLE 
01CY  ATTN  F.  FAJEN 
01CY  ATTN  M.  SCHEIBE 
01CY  ATTN  CONRAD  L.  LONGMIRE 
01CY  ATTN  WARREN  A.  SCHLUETER 

MITRE  CORPORATION,  THE 
P.O.  BOX  208 
BEDFORD,  MA  01730 
01CY  ATTN  JOHN  MORGANSTERN 
01CY  ATTN  G.  HAROING 
01CY  ATTN  C.E.  CALLAHAN 

MITRE  CORP 

WESTGATE  RESEARCH  PARK 
1820  DOLLY  MADISON  BLVD 
MCLEAN,  V A  22101 
01CY  ATTN  W.  HALL 
01CY  ATTN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
1456  CLOVERFIELD  BLVD. 

SANTA  MONICA,  CA  90404 
01CY  ATTN  E.C.  FIELD  JR 

PENNSYLVANIA  STATE  UNIVERSITY 
IONISPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  16802 

(NO  CLASSIFIED  TO  THIS  ADDRESS) 

01CY  ATTN  IONOSPHERIC  RESEARCH  LAB 


PHOTOMETRICS,  INC. 

442  MARRETT  ROAD 
LEXINGTON,  MA  02173 
01CY  ATTN  IRVING  L.  KOFSKY 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 
01CY  ATTN  E.J.  FREMOUW 

PHYSICAL  DYNAMICS  INC. 

P.O.  BOX  1069 
BERKELEY,  CA  94701 
01CY  ATTN  A.  THOMPSON 

R  &  D  ASSOCIATES 
P.O.  BOX  9695 
MARINA  DEL  REY,  CA  90291 
01CY  ATTN  FORREST  GILMORE 
01CY  ATTN  BRYAN  GABBARD 
01CY  ATTN  WILLIAM  B.  WRIGHT  JR. 
01CY  ATTN  WILLIAM  J.  KARZAS 
01CY  ATTN  ROBERT  F.  LELEVIER 
01CY  ATTN  H.  ORY 
01CY  ATTN  C.  MACDONALD 
01CY  ATTN  R.  TURCO 

RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 
01CY  ATTN  CULLEN  CRAIN 
01CY  ATTN  ED  BEDROZIAN 

RIVERSIDE  RESEARCH  INSTITUTE 
80  WEST  END  AVENUE 
NEW  YORK,  NY  10023 
01CY  ATTN  VINCE  TRAPANI 

SCIENCE  APPLICATION,  INC. 

P.O.  BOX  2351 
LAJOLLA,  CA  92038 
01CY  ATTN  LEWIS  M.  LINSON 
01CY  ATTN  DANIEL  A.  HAMLIN 
01CY  ATTN  0.  SACHS 
01CY  ATTN  E.A.  STRAKER 
01CY  ATTN  CURTUS  A.  SMITH 
01CY  ATTN  JACK  MCDOUGALL 

RAYTHEON  CO. 

528  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 
01CY  ATTN  BARBARA  ADAMS 


fr'fV' 


SCIENCE  APPLICATIONS,  INC. 
HUNTSVILLE  DIVISION 
2109  W.  CLINTON  AVENUE 
SUITE  700 

HUNTSVILLE,  AL  35805 
01CY  ATTN  DALE  H.  DAVIS 


MAX-PLANCK-INSTITUT 
FUR  PHYSIK  UND  ASTROPHYSIK 
INSTITUT  FUR  EXTRATERRESTRICHE  PHYSIK 
8046  CARCHING  B.  MUNCHEN,  GERMANY 
01CY  ATTN  PROF.  GERHARD  HAERENDEL 


SCIENCE  APPLICATIONS,  INCORPORATED 
8400  WESTPARK  DRIVE 
MCLEAN,  VA  22101 
01CY  ATTN  J.  COCKAYNE 

SCIENCE  APPLICATIONS,  INC. 

80  MISSION  DRIVE 
PLEASANTON,  CA  94566 
01CY  ATTN  SZ 

SRI  INTERNATIONAL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94025 
01CY  ATTN  DONARD  NEILSON 
01CY  ATTN  ALAN  BURNS 
01CY  ATTN  G.  SMITH 
01CY  ATTN  L.L.  COBB 
01CY  DAVID  A.  JOHNSON 
01CY  ATTN  WALTER  G.  CHESNUT 
01 CY  ATTN  CHARLES  L.  RINO 
01CY  ATTN  WALTER  JAYE 
01CY  ATTN  M.  BARON 
01CY  ATTN  R.  LIVINGSTON 
01CY  ATTN  RAY  L.  LEADABRAND 
01CY  ATTN  G.  CARPENTER 
01CY  ATTN  G.  PRICE 
01CY  ATTN  J.  PETERSON 
01CY  ATTN  R.  HAKE,  JR. 

01CY  ATTN  V.  GONZALES 
01CY  ATTN  D.  MCDANIEL 
01CY  ATTN  R.  TSUNODA 

TECHNOLOGY  INTERNATIONAL  CORP 
75  WIGGINS  AVENUE 
BEOFORD,  MA  01730 
01CY  ATTN  W.P.  BOQUIST 


TRW  DEFENSE  &  SPACE  SYS  GROUP 
ONE  SPACE  PARK 
REDONDO  BEACH,  CA  90278 
01CY  ATTN  R.K.  PLEBUCH 
01CY  ATTN  S.  ALTSCHULER 
01CY  ATTN  D.  DEE 

VISIDYNE,  INC. 

19  THIRD  AVENUE 
NORTH  WEST  INDUSTRIAL  PARK 
BURLINGTON,  MA  01802 
01 CY  ATTN  CHARLES  HUMPHREY 
01CY  ATTN  J.W.  CARPENTER 


UNIVERSITY  OF  TOKYO 
ISAS 

KOMABA,  MEGURO-KU 
TOKYO,  JAPAN 

01CY  ATTN  DR.  K.I.  OYAMA 
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IONOSPHERIC  MODELING  DISTRIBUTION  LIST 
UNCLASSIFIED  ONLY 


PLEASE  DISTRIBUTE  ONE  COPY  (EXCEPT  WHERE 
NOTED  OTHERWISE)  TO  EACH  OF  THE  FOLLOWING 
PEOPLE: 

ADVANCED  RESEARCH  PROJECTS  AGENCY  (ARPA) 
STRATEGIC  TECHNOLOGY  OFFICE 
ARLINGTON,  VA  22217 

CAPT  DONALD  M.  LEVINE 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 

DR.  R.  MEIER  -  CODE  4141 

DR.  TIMOTHY  COFFEY  -  CODE  4000 

DR.  S.  OSSAKOW  -  CODE  4780 
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